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ABSTRACT
Introduction: To evaluate the effects of cyclo-
plegia on the biometric components and ante-
rior segment parameters of the eye.
Methods: In this cross-sectional study, changes
to axial length (AL), anterior chamber depth
(ACD) lens thickness, anterior chamber angle
(ACA) and volume, corneal thickness in the
pupil center (PC), corneal curvature (CC) and
white-to-white (WTW) following cycloplegia
induced by tropicamide 1% in 42 eyes of
patients aged 23–58 years were assessed. Bio-
metric components and anterior segment
parameters were measured using an IOLMaster
700 (Carl Zeiss Meditec, Jena, Germany) and a
Pentacam HR (Oculus Optikgera¨te GmbH,
Wetzlar, Germany), respectively.
Results: Significant statistical changes in ACD
(increased by 0.06 ± 0.05 mm; p\0.001),
anterior chamber volume (increased by
15.19 ± 10.32 mm3; p\0.001), ACA (decreased
by 2.18 ± 10.20; p = 0.029) and lens thickness
(decreased by 0.02 ± 0.03 mm; p\0.001) were
observed post-cycloplegia, while the changes in
CC, corneal thickness in the PC, WTW and AL
were not statistically different (p[ 0.05). Also, a
significant inferior displacement of the PC
along the vertical axes was seen (p = 0.020).
Conclusion: Cycloplegia resulted in a deeper
ACD and thinner lens thickness. These changes
should be considered in determining intraocu-
lar lens (IOL) power to prevent refractive
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surprises in cataract surgery and also in the
phakic IOL implantation.
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INTRODUCTION
Nowadays, cycloplegic agents such as tropi-
camide, homatropine and cyclopentolate have
diagnostic and therapeutic applications. These
clinical applications include fundus examina-
tion, anterior segment assessment, cycloplegic
refraction, treatment of uveitis, amblyopia
treatment via pharmacological penalization [1],
and myopia control in children [2]. Detailed
evaluation of the anterior segment is important
for corneal refractive surgery, diagnosis and fol-
low-up in patients with glaucoma, intraocular
lens (IOL) calculation, and in determining
effective lens position in cataract surgery and
phakic IOL implantation (pIOL) [1, 3, 4]. Accu-
rate measurement of axial length (AL), anterior
chamber depth (ACD) and corneal curvature
(CC) is essential for the calculation of IOL power
according to different formulas [5, 6]. In addi-
tion, white-to-white (WTW) and lens thickness
(LT) are necessary items for formulas such as the
Holladay II IOL power prediction formula [6]. For
example, overestimation of ACD may result in
corneal endothelial cell damage [3, 4]. Also,
accurate cycloplegic refraction, CC assessment
and measurement of central corneal thickness
(CCT) are essential in pre- and postoperative
assessment of corneal refractive surgery [7].
Assessing ACD is important to determine whe-
ther there is enough room for the pIOLs, and the
angle dimensions are important especially for an
anterior chamber angle (ACA) fixated lens [8]. It
is evident that a shallow ACD and/or narrow
angle may increase the risk of iris pigment
chaffing, particularly when posterior chamber
hyperopic pIOLs are implanted [9].
Although several studies have investigated
the effects of cycloplegia on the anterior seg-
ment parameters and biometry components of
the eyes, there are some controversies about the
changes in these parameters following
cycloplegia [1, 4, 5, 10–12]; a summary of the
literature review is presented in Table 1.
This study was designed to assess these vari-
ations following induced temporary paralysis of
the ciliary muscle and iris sphincter by the
cycloplegic agent, tropicamide 1%.
METHODS
In this cross-sectional study, 42 eyes of 42
patients with an age range of 23–58 years were
assessed. All steps of this study followed the
tenets of the Declaration of Helsinki. In addi-
tion, the study was approved by the ethics
committee of Mashhad University of Medical
Sciences. Inclusion criteria were clear central
corneas and crystalline lens with no ocular and
systemic diseases. Exclusion criteria included
history of corneal excimer laser refractive sur-
gery, keratoconus, pellucid marginal degenera-
tion, high myopia 6 D or higher and history of
ocular trauma.
The refractive status [sphere, cylinder, axis
and spherical equivalent (SE)], anterior segment
parameters and the ocular biometry were
determined using a Topcon auto-kerato-refrac-
tometer (Topcon Corp., Tokyo, Japan), Penta-
cam HR (Oculus Optikgera¨te GmbH, Wetzlar,
Germany) and IOLMaster 700 (Carl Zeiss Medi-
tec, Jena, Germany), respectively. The evalua-
tions were repeated after producing the
cycloplegic effect. For this purpose, one drop of
tropicamide 1% was instilled every 5 min for
three applications, and the measurements were
repeated 30 min after the last drop.
The assessed anterior segment parameters
determined using the Pentacam included
external ACD (measured from the epithelium),
ACA and anterior chamber volume (ACV), cor-
neal thickness at the pupil center (PC) associ-
ated with geometric positions of the PC along
the horizontal (x) and vertical (y) axes with
respect to the corneal apex as the reference
point and the corneal diameter (WTW). Ocular
biometric parameters included AL, ACD mea-
sured from the epithelium and LT. Mean ker-
atometry reading (KRm), and the magnitude
and axis of corneal astigmatism (CA) were
determined using all three devices, the auto-
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kerato-refractometer, the Pentacam and the
IOLMaster 700. The vector analysis method was
used to determine the astigmatic difference
between the two states, in which the sphero-
cylindrical refraction and CA were transformed
to a Jackson crossed-cylinder format, and the
refractive data (C: cylinder; a: cylinder axis)
were used to calculate J0 and J45, where
J0 = (-C/2) cos (2a), and J45 = (-C/2) sin (2a).
To compute the astigmatic difference in the
two states, the difference between J0 and J45 of
the first- and second-state astigmatism was cal-
culated separately. To better understand astig-
matic changes, the values of power vector were
transformed to the conventional format by
applying the following formula:
C ¼ 2pðJ0Þ2 þ ðJ45Þ2:
All measurements were done under the
supervision of an experienced optometrist who
did not have access to the pre-cycloplegic data, in
order to preventany biasor error.All measurements
were performed between 6 and 8 p.m.
Assessment of the normality of data using
the Kolmogorov–Smirnov test showed no nor-
mal distribution. Data were analyzed in SPSS 22
software (IBM Corp., Armonk, NY, USA) using
the Wilcoxon signed-rank, Kruskal–Wallis and
Mann–Whitney U tests. The significance level
was considered to be 0.05.
RESULTS
In this study, 42 eyes of 42 patients (28 female
and 14 male) were evaluated. The mean age was
35.2 ± 9.4, with a range of 23–58 years.
Table 2 presents the refractive status before
and after cycloplegia.
The mean difference seen in the sphere,
cylinder, axis and SE was 0.32 ± 0.26 D,
0.11 ± 0.44 D, 8.70 ± 53.82 and 0.22 ± 0.20
D, respectively. Only a significant hyperopic
shift was observed in the spherical component
(p\ 0.001) and SE (p\0.001), while the mag-
nitude and axis of the refractive cylinder did not
change significantly following cycloplegia.
Regarding the anterior segment parameters
obtained using the Pentacam, cycloplegia
induced statistically significant changes in
external ACD (p\0.001), ACV (p\0.001),
ACA (p = 0.029) and the PC along the y-axis
(p = 0.020). The ACD and ACV increased, while
the ACA decreased post-cycloplegia, with a
mean difference of 0.10 ± 0.05 mm,
15.19 ± 10.32 mm3 and -2.18 ± 10.20,
respectively. The PC showed no significant
change the x-axis, while a statistically signifi-
cant change of 0.06 ± 0.17 mm along the y-axis
and in the negative direction was observed in
comparisons of the locations before and after
cycloplegia (Table 3).
Table 4 shows the mean and standard devi-
ation of the ocular biometry components
obtained from the IOLMaster 700 before and
after cycloplegia. The mean changes in AL, ACD
and LT were 0.0 ± 0.01, 0.06 ± 0.05 and
-0.02 ± 0.03 mm, respectively, with no signif-
icant change in AL, while ACD significantly
increased and LT decreased following
cycloplegia.
Comparison of the changes in ocular biom-
etry and anterior segment parameters separately
in the two age groups,\ 40 and C 40 years, only
showed a significant difference in LT changes
(p = 0.016) (Table 5).
Table 6 presents the mean and standard
deviation of the mean KRm and CA using these
three devices. A comparison of the mean KRm
and CA (magnitude and axis) obtained using
these three devices separately pre- and post-cy-
cloplegia showed no significant difference using
the Kruskal–Wallis test (p[0.05). Also, the
paired comparison of these variables was not
significantly different separately for each device
before and after use of tropicamide using the
Wilcoxon signed-rank test (p[ 0.05).
A comparison of ACD measured using the
Pentacam HR and IOLMaster 700 showed no
significant difference in mean ACD between the
two devices using the Mann–Whitney U test
separately for before (p = 0.697) and after
(p = 0.381) cycloplegia.
DISCUSSION
The results of this study showed significant
increase in ACD and ACV, while ACA and LT
390 Ophthalmol Ther (2019) 8:387–395
decreased significantly after producing cyclo-
plegia using tropicamide 1%. Another point was
significant displacement of the PC along the
vertical axes in the negative direction or
inferiorly.
As reported, ACD is an important factor in
IOL power calculation and diagnosis of primary
angle closure glaucoma (PACG), so imprecise
measurement may lead to undesirable refractive
errors after cataract surgery, reprieve PACG
diagnosis and corneal endothelial cell damage
following pIOL [1, 3, 14]. The results of this
study show a significant increase in ACD and
ACV and a decrease in LT following cycloplegia.
The results confirm previous studies that
reported a significant increase in ACD and ACV
after instillation of cycloplegic and mydriatic
drops [1, 3, 4, 10]. Rodriguez-Raton et al. [16]
found that ACD and IOL, calculated based on
the Haigis formula (ACD is used in this for-
mula), were significantly changed after appli-
cation of tropicamide and phenylephrine,
whereas the IOL calculation based on the SRK/T
formula was not affected.
Similar to the present findings, several stud-
ies reported a reduction in LT after cycloplegia
[14, 17, 18]. Ocular accommodation increases
LT and moves the lens forward [19], while
temporary paralysis of the ciliary muscle leads
to an increase in ACD by reducing the crys-
talline lens curvature (flattening) and backward
displacement of its geometrical center [7, 12].
Table 2 Mean and standard deviation (SD) of the sphere, cylinder power/axis and spherical equivalent (SE) before and
after cycloplegia (n = 42 eyes)
Variables Mean – SD (95% CI) Wilcoxon signed-rank test
Before cycloplegia After cycloplegia
Sphere (D) -3.23 ± 3.68 (-4.37, -2.08) -2.90 ± 3.68 (-4.05, -1.75) \ 0.001
Cylinder (D) -1.44 ± 1.15 (-1.80, -1.08) -1.32 ± 1.12 (-1.67, -0.96) 0.139
Axis () 95.22 ± 64.24 (74.94, 115.50) 86.51 ± 65.81 (65.74, 107.29) 0.604
SE (D) -2.33 ± 1.82 (-2.90, -1.76) -2.11 ± 1.82 (-2.68, -1.54) \ 0.001
Table 3 Mean and standard deviation (SD) of anterior segment parameters using the Pentacam before and after cycloplegia
(n = 42 eyes)
Variables Mean – SD (95% CI) Wilcoxon signed-rank
testPre-cycloplegia Post-cycloplegia
ACD (mm) 3.63 ± 0.34 (3.52, 3.74) 3.73 ± 0.35 (3.62, 3.84) \ 0.001
ACA () 40.08 ± 6.70 (37.99, 42.17) 37.89 ± 10.69 (34.56, 41.22) 0.029
ACV (mm3) 180.69 ± 34.64 (169.89,
191.48)
195.88 ± 33.20 (185.53,
206.22)
\ 0.001
Pachy. @ pupil center
(lm)
526.33 ± 38.82 (514.23,
538.43)
527.42 ± 41.15 (514.60,
540.25)
0.066
PCx (mm) -0.01 ± 0.18 (-0.07, 0.03) 0.00 ± 0.20 (-0.05, 0.06) 0.101
PCy (mm) 0.01 ± 0.13 (-0.02, 0.06) -0.04 ± 0.15 (-0.09, 0.00) 0.020
WTW (mm) 11.94 ± 0.42 (11.80, 12.07) 11.98 ± 0.52 (11.82, 12.15) 0.123
ACD anterior chamber depth, ACA anterior chamber angle, ACV anterior chamber volume, PCx/PCy geometric positions
of the pupil center along the coordinate axes, WTW white-to-white
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Higashiyama et al. [18] reported a significant
correlation between the changes in LT and
ACD. In contrast to the current study, Arriola-
Villalobos et al. [6] reported that changes in LT
were not significant after instillation of tropi-
camide 1% despite a significant increase in
ACD. This discrepancy may be attributed to the
difference in subject age between these two
studies (74.7 ± 7.5 years vs. 35.2 ± 9.4 years in
the present study). Although a decrease in the
elasticity of the crystalline lens capsule in
elderly populations may affect the response to
the cycloplegic agents [12], a similar reduction
in LT following cycloplegia by tropicamide 1%
has been found in an elderly patients
(75.2 ± 7.5 years) [17].
The unremarkable effect of cycloplegia on AL
in the present study confirms previous studies
that showed no significant change in this
parameter following mydriasis and/or cyclople-
gia [7, 11, 13, 15, 20]. On the contrary, there are
studies that reported statistically, but not
clinically, significant changes in AL following
cycloplegia induced by homatropine 2% and
cyclopentolate 1% [14]. Similar findings of a
significant increase in AL were reported after
application of 0.4% tropicamide [2] and in
hyperopic eyes, although a considerable reduc-
tion was obtained in myopic eyes [21].
Contrary to our research results, Chang et al.
[7], Arici et al. [11] and Arriola-Villalobos et al.
[17] noted significant widening of WTW after
the application of a cycloplegic, although these
changes appear to be unverifiable.
In the present study, the change in corneal
thickness in the PC was not significant, which is
in line with previous reports [1, 6, 18]. In con-
trast to the present findings, however, a signif-
icant increase in CCT was cited in the
measurement of the effects of cycloplegia on
anterior segment parameters with anterior seg-
ment optical coherence tomography (AS-OCT)
and a Pentacam; this change was attributed to
the possible role of reflex tearing and not
Table 4 Mean and standard deviation (SD) of ocular biometry components using the IOLMaster 700 before and after
cycloplegia (n = 42 eyes)
Variables Mean – SD (95% CI) Wilcoxon signed-rank test
Pre-cycloplegia Post-cycloplegia
AL (mm) 24.91 ± 1.45 (24.46, 25.36) 24.91 ± 1.45 (24.45, 25.36) 0.376
ACD (mm) 3.60 ± 0.32 (3.49, 3.70) 3.66 ± 0.34 (3.55, 3.77) \ 0.001
LT (mm) 3.76 ± 0.28 (3.67, 3.85) 3.74 ± 0.28 (3.65, 3.83) \ 0.001
AL axial length, ACD anterior chamber depth, LT lens thickness
Table 5 Mean and standard deviation (SD) of changes in the ocular biometry and anterior segment parameters separately
in two age groups (n = 42 eyes)
Age group component < 40 years (n = 30 eyes) ‡ 40 years (n = 12 eyes) Mann–Whitney U test
Mean – SD (95% CI) Mean – SD (95% CI)
AL change (mm) 0.00 ± 0.01 (0.00, 0.00) 0.00 ± 0.00 (0.00, 0.00) 0.068
ACD change (mm) 0.07 ± 0.03 (0.06, 0.08) 0.03 ± 0.08 (-0.01, 0.09) 0.945
LT change (mm) -0.03 ± 0.02 (-0.04, -0.02) 0.00 ± 0.03 (-0.02, 0.02) 0.016
ACA change () -2.41 ± 11.43 (-6.68, 1.85) -1.61 ± 6.53 (-5.77, 2.53) 0.417
ACV change (mm3) 16.03 ± 10.23 (12.21, 19.85) 13.08 ± 10.70 (6.28, 19.88) 0.731
AL axial length, ACD anterior chamber depth, LT lens thickness, ACA anterior chamber angle, ACV anterior chamber
volume
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corneal swelling during measurements [7]. Also,
some studies have reported a decrease in CCT in
pre-presbyopic eyes [12] and in children after
cycloplegia [10].
Some studies reported no significant change
in mean KRm following cycloplegia, [6, 10, 20],
while others showed a statistically remarkable
flattening effect [2, 7]. This flattening was jus-
tified based on the paralysis of the ciliary muscle
following cycloplegic agents which reduce its
force on the sclera spur and lead to the corneal
flattening [2]. Assessing the changes in the front
and back CC following application of miotic
(pilocarpine hydrochloride 2%) and mydriatic
(tropicamide/phenylephrine hydrochloride)
agents showed significant steepening only in
the back surface and significant flattening in
both front and back surfaces, respectively [22].
Chang et al. [7] illustrated that flattening in the
posterior CC was more in corneas with steeper
posterior curvatures. The current study showed
no significant change in the mean KRm using
the Topcon auto-kerato-refractometer, Penta-
cam HR and IOLMaster 700 after cycloplegia.
With regard to ACA, the present study found
a significant narrowing of the angle following
cycloplegia, which is in contrast to the results of
studies by Niyaz et al. and Guler et al., who
reported significant widening of ACA [3, 4],
confirming the findings of Arici et al. [1]. As the
Table 6 Mean and standard deviation (SD) of mean keratometry (KRm), magnitude and axis of corneal astigmatism (CA)
using the Topcon auto-kerato-refractometer, the Pentacam HR and the IOLMaster 700 (n = 42 eyes)
Variables Mean – SD (95% CI) Kruskal–Wallis
testTopcon auto-kerato-
refractometer
Pentacam HR IOLMaster 700
Mean KRm (D)
Pre-cycloplegia 43.49 ± 2.38 (42.68, 44.30) 43.13 ± 3.17 (42.14,
44.12)
43.63 ± 2.82 (42.75,
44.51)
0.558
Post-cycloplegia 43.46 ± 2.37 (42.65, 44.26) 43.15 ± 3.09 (42.19,
44.12)





0.139 0.362 0.145 –
CA (D)
Pre-cycloplegia 1.46 ± 1.04 (1.11, 1.81) 1.53 ± 0.98 (1.22,
1.84)
1.55 ± 1.03 (1.23,
1.87)
0.803
Post-cycloplegia 1.45 ± 1.05 (1.09, 1.80) 1.52 ± 0.99 (1.21,
1.83)





0.825 0.745 0.148 –
CA axis ()
Pre-cycloplegia 92.69 ± 74.15 (67.61,
117.78)
94.14 ± 29.25 (85.02,
103.26)
77.52 ± 72.02 (55.07,
99.96)
0.278
Post-cycloplegia 100.39 ± 73.09 (75.66,
125.12)
92.40 ± 31.33 (82.63,
102.16)





0.745 0.107 0.251 –
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ACA value is one of the most important factors
for diagnosis and follow-up of glaucoma, the
effect of cycloplegia on ACA should be consid-
ered during examination of patients.
Assessing the changes in different ocular
biometry and anterior segment parameters
before 40 years and above of 40 years affirmed
the previous study showing that the changes in
LT decrease with age [23].
One limitation of this study was the evalua-
tion of only myopic eyes; therefore, assessing
these changes in hyperopic eyes and in a wide
range of ages, including children, adults and the
elderly, is proposed for future research. Another
study limitation is the absence of a control
group.
In conclusion, cycloplegia resulted in a dee-
per ACD and thinner LT. These changes should
be considered in determining IOL power to
prevent refractive surprises in cataract surgery
and pIOL implantation.
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